In an effort to evaluate the impact of CMV sequence variants in our patient population by use of a similar Q-PCR assay, we surveyed 54 isolates of CMV, each from a different patient. We detected evidence for the C630T variant in 4 of 54 (7.4%) patients. Furthermore, isolates from two additional patients were completely negative in the test. Sequencing of these false-negative isolates revealed multiple mutations within the probe hybridization sites. A Q-PCR that targeted the CMV polymerase gene instead of gB detected all 54 isolates. We suggest that Q-PCR assays for viral load be rigorously tested on large panels of viral isolates to assess the impact of sequence diversity on detection as well as quantification.
Real-time quantitative PCR (Q-PCR) is currently the method of choice for the rapid detection and quantification of cytomegalovirus (CMV) in clinical specimens (10, 12) . The glycoprotein B gene (gB, UL55) is, overall, one of the less variable regions of the CMV genome (11, 17) , except for two variable subregions (4, 16) , and has been frequently used as a target for Q-PCR assays (5, 6, (8) (9) (10) 19) . Schaade et al. (14) described a Q-PCR assay using fluorescence energy transfer technology with two fluorophore-labeled hybridization probes within the gB gene and concluded that their assay was superior in terms of sensitivity, specificity, linear range, and efficiency to the commercially available COBAS Amplicor CMV Monitor assay (Roche), which uses the CMV DNA polymerase gene (pol) as a target. Other groups, using modifications of the assay described by Schaade et al. (14) , have reported similar experiences (8, 12) .
However, CMV variants that could not be quantified using this Q-PCR have been reported (15) . In the initial report (15) , 912 clinical specimens were tested, of which 197 were positive for CMV DNA, but for 12 specimens (6.1% of the positive specimens) a viral load could not be determined. The specimens that were detected but not quantified did not produce a crossing point or any evidence of amplification during the PCR. However, in the melting curve analysis following the PCR, a signal was detected with a melting temperature of 53.1°C, which is below the 59.2°C melting temperature found for wild-type CMV. Sequence analysis revealed a single base pair mutation, C630T, in the target sequence of the downstream probe (15) . This sequence variant prevented the appearance of a fluorescent signal under the cycling conditions of the assay, which included an annealing temperature of 58°C (15) . The melting curve employed a lower annealing temperature (45°C), which allowed hybridization of the probe with the C630T variant (15) . Thus, for the C630T gB variant, the assay developed by Schaade et al. (14) was only sufficient to provide qualitative results.
To evaluate the impact of sequence variants in our patient population using a similar Q-PCR assay, we studied 54 CMV isolates, each from a different patient. We found two isolates that were not detectable. Sequence analysis of a portion of the gB gene revealed that the reason for the failure of the assay was a divergent nucleotide sequence in the target region of the probes. This work adds to our knowledge of sequence diversity in the CMV gB gene.
MATERIALS AND METHODS
Specimens. Culture supernatants, prepared from clinical specimens exhibiting characteristic CMV cytopathic effect in human embryonic lung cells, were thawed from storage at Ϫ80°C. A 1:10 dilution of supernatant was used as template without nucleic acid extraction.
gB Q-PCR. The sequences of the primers and probes were as described previously (2, 14) . Ten microliters of 1:10-diluted culture supernatant was added to a 10-l reaction mixture to give final concentrations of 3 mM MgCl 2 , 0.5 M of each primer, 0.25 M of each probe, and 1ϫ Roche FastStart DNA master hybridization probes mix (Roche Applied Science, Indianapolis, IN) in Roche LC capillaries. The thermal cycle was as follows: an initial 10 min at 95°C to activate the FastStart Taq DNA polymerase, followed by 55 cycles of 5-second denaturation at 95°C, 20-second annealing at 58°C, and 15-second extension at 72°C. After PCR the melting curve thermal profile was 95°C for 10 seconds, 45°C for 1 minute, and then 80°C with a 0.1°C/second temperature transition rate while continuously collecting fluorescence data. Thermal cycling and collection of fluorescence data were done in a Roche LightCycler.
pol gene Q-PCR. The protocol for pol gene Q-PCR was adapted from Yun et al. (18) for use on the Roche LightCycler. The primers were the same as in the original paper (18); however, we corrected a typographical error in the Yun-3 probe sequence 5Ј-6-carboxyfluorescein-TGCGCCGTATGCTGCTCGACAtetramethylcarboxyrhodamine-3Ј (Z. Yun, personal communication). Ten microliters of 1:10-diluted culture supernatant was added to a 10-l reaction mixture to give final concentrations of 2 mM MgCl 2 , 0.5 M of each primer, 0.2 M of dual labeled probe, and 1ϫ LightCycler FastStart DNA master hybridization probes in Roche LC capillaries. Cycling parameters were as follows: an initial 10 min at 95°C for FastStart Taq DNA polymerase activation, 50 cycles of 4-s denaturation at 95°C and 20-s annealing and extension at 58°C. Fluorescence data were collected after every cycle in a Roche LightCycler.
Sequencing. The isolates that were not detectable in the gB Q-PCR assay were studied by DNA sequence analysis. The I-35 isolate was amplified using the upstream primer 5Ј-TCCGTCGCACTATATAATGAAACTTTC-3Ј and the downstream primer 5Ј-ATAGGAGGCGCCACGTATTC-3Ј. The I-60 isolate was amplified using the upstream primer 5Ј-CTGGTGCCTGGTAGTCTGCG TT-3Ј and downstream primer 5Ј-GGCTGTGCCAYTGATCCTTGAC-3Ј. The reactions were done in a volume of 25 l with primers at a concentration of 1 M, 50 M each deoxynucleoside triphosphate, 1 U of HotStart Taq DNA polymerase, and 2.5 l of the 10ϫ buffer provided by the enzyme manufacturer (QIAGEN Inc., Valencia, CA). The reaction was cycled 35 times between 96°C for 20 seconds, 50.3°C for 20 seconds, and 72°C for 2 min, preceded by 10 min at 95°C and followed by 5 min at 72°C in an Eppendorf thermal cycler (Brinkmann Instruments, Westbury, NY). The amplicons were treated with ExoSap (Amersham Biosciences, Piscataway, NJ) to remove the primers and deoxynucleoside triphosphates and sequenced using the PCR primers as sequencing primers and Applied Biosystems (ABI, Foster City, CA) dye terminator chemistry, and then the sequencing reactions were resolved by capillary electrophoresis on the ABI 3100 Prism DNA sequencer.
RESULTS
In an effort to institute CMV viral load testing in our laboratory, we evaluated the assay proposed by Schaade et al. (14) for its ability to detect CMV by retrospectively testing 54 culture supernatants from CMV isolates grown in tissue culture in our clinical virology laboratory. The isolates tested were from 54 different patients and were originally derived from a variety of specimen sources over a 1-year period. Isolates came from patients with the following clinical histories: 22% solid organ transplant, 13% bone marrow transplant, 26% human immunodeficiency virus/AIDS, and 39% with other or unknown diagnoses. Of these 54 isolates, 48 (89%) produced amplification curves as expected for a specimen with an abundance of CMV (data not shown). Four isolates (7.4%) did not produce amplification curves during the PCR but did produce an amplicon that hybridized with the probes under the less stringent conditions used in the annealing step prior to the melting curve. Melting temperature analysis suggested that these four isolates had the C630T mutation which was previously described (15) . For this polymorphic CMV variant, the assay developed by Schaade et al. (14) is useful for detection, but not quantification, of the virus.
Two additional clinical isolates (I-60 and I-35) could not be quantified using the Q-PCR assay developed by Schaade et al. (14) and also did not produce a melting curve when the probe hybridization was done under less stringent conditions (data not shown). We were able to detect all 54 viral isolates using a Q-PCR assay that targets the viral pol gene (18), thus confirming that all isolates actually did contain CMV DNA. We suspected that the CMV isolates that were not detected by the gB Q-PCR assay might have a more divergent sequence in the target area for the primers and probes. We used the PCR to amplify the target region from the two CMV isolates that produced false-negative results and determined their nucleotide sequences. Both isolates were identical in this region and had two differences within the upstream probe sequence and three differences within the downstream probe sequence (Fig.  1) . Further analysis of I-60 and I-35 in the upstream variable region of the gB gene revealed a sequence that was very divergent from standard CMV strains, such as Towne and AD169 (Fig. 2) . A BLAST search (1) revealed that these isolates were identical (I-60) or almost identical (I-35) to the gB genotype 5 consensus sequence in the 5Ј variable region of the gB gene (16) (Fig. 2) .
Nucleotide sequence accession numbers. The nucleotide sequence data from these isolates are available in GenBank, accession numbers DQ121372 and DQ121371, for I-35 and I-60, respectively.
DISCUSSION
In our patient population, a commonly used CMV Q-PCR that targets the gB gene (14) failed to quantify the virus in 11% (6/54) of isolates. This was most likely due to a known variant, C630T, in four isolates, which allowed qualitative detection of the virus (15) . However, in two isolates sequence variation in the target sequence of the probes made the viral genome invisible to the assay and created a true false-negative result.
The frequency of the gB C630T variant in our small survey was similar (7.4% versus 6.1%) to the frequency reported by Schaade et al. (15) . In a population of primarily bone marrow transplant recipients (85%) in Portland, Oregon, the frequency of the gB C630T variant was reported to be 2.3% of patients (8) . In a study of 66 solid organ transplant recipients, no C630T variants were found (12) . Although the gB Q-PCR assay is unable to quantify CMV with the C630T variant, it still detects the virus.
Far more serious is our finding of two CMV isolates that are more divergent than the C630T variant. These isolates have several additional sequence differences with the probes used in the gB assay (Fig. 1) . Due to the additional sequence differences, these CMV isolates are undetectable by this assay. Additional sequence analysis of the two CMV isolates that produced a false-negative result in the gB Q-PCR (Fig. 2) revealed that both isolates are not new but are most likely the same as the previously discovered gB genotype 5 (gB5) (16) . This genotype was defined by sequence analysis of two variable regions in the CMV glycoprotein B gene and was found to be distinct from the other four gB genotypes of CMV (4). The two isolates derived from our patient population are identical or nearly identical to the upstream variable region of the gB5 consensus sequence (Fig. 2) (16) . We did not study the downstream variable region of the CMV gB gene in our isolates. The additional differences between the two isolates studied here (GenBank accession numbers DQ121372 and DQ121371) and other published CMV sequences (Fig. 1) reveal that gB5 is likely to be more divergent than previously thought. In particular, the sequence divergence extends outside of the previously known gB variable regions (4, 16) . The sequence diversity that we found among our clinical isolates adds to our knowledge of sequence diversity in the CMV gB gene and consequently should be taken into consideration in the design of Q-PCR assays that use this gene as a target.
CMV with the gB5 genotype has not been reported frequently. After its original discovery (16) in five patients with AIDS, another group (3) reported sequence data consistent with a gB5 genotype in five patients with AIDS. This may be due to the actual rarity of the strain and its confinement to AIDS patients, but the apparent rarity of gB5 may also be because it is difficult to detect. The primers used for genotyping by several groups are not able to detect gB5 because of its sequence divergence (4, 13, 16) .
In a comparison of sequence diversity among clinical isolates, the CMV DNA polymerase (pol) gene was found to be slightly more conserved than the gene encoding gB, suggesting pol may be a better target, in terms of clinical sensitivity, for determining CMV viral load (17) . We found that an adaptation for the LightCycler of the Q-PCR assay described by Yun et al. (18) , which targets pol, successfully detected and quantified all 54 of our clinical isolates.
Real-time Q-PCR assays that use both primers and probes are inherently more vulnerable to false-negative results arising from sequence diversity, because they depend on more sequence than a simple PCR to achieve analytical sensitivity and specificity. Based on this principle and our experience, we suggest that laboratories carefully evaluate the clinical sensitivity of a candidate Q-PCR assay in their patient population to avoid errors due to sequence diversity in the target sequences. Consideration should also be given to using more than one target to avoid false negatives due to rare or newly arising variants that escape detection during the initial validation. This approach has been taken by several laboratories (7, 8) .
